The LSND result is shown to fit into a minimal three-flavour neutrino-mixing scenario capable of describing all known experimental facts provided the large ∆M 2 = m 2 3 − m 2 2 ∼ m 2 3 − m 2 1 lies in the range 2.5 × 10 −1 < ∆M 2 < 3.0 eV 2 . In this range the value of P µτ is expected to be about 5% or larger.
Introduction
In recent years, several unexpected results have appeared in accelerator, atmospheric and solar neutrino physics [1] . Although none of them is really beyond questioning, collectively they represent a fair evidence for the existence of some new phenomenon.
Taken singularly, all these results can be explained in terms of neutrino oscillations [2] . However, this interpretation can only be viable if all existing positive and negative results can be accounted for by a unique set of oscillation parameters.
In this paper we examine whether there exist some conditions under which the LSND result [3] , however controversial it may be [4] , may fit into a minimal threeflavour neutrino-mixing scenario constrained by all experimental observations. We show that such a global description is possible. Ranges of values of the oscillation parameters for which this occurs are given. transition probabilities (P αβ ) 2 depend on both the slow and fast components. The average transition probabilities < P αβ > 1 and < P αβ > 2 are calculated from eq. (1) for sin 2 (∆ 12 /2) = 0, < sin 2 (∆ 13 /2) >= 0.5 and < sin 2 (∆ 12 /2) >= 0.5, < sin 2 (∆ 13 /2) >= 0.5, respectively. ∆m 2 ∼ 10 −3 eV 2 implies in turn the energy-independence of all oscillation phenomena occurring in solar neutrinos. This is consistent with the present experimental situation.
The energy-independence of the solar neutrino deficit has been long advocated [7, 8, 9, 10, 11] . Using the most recent experimental results [12, 13, 14, 15] and theoretical predictions [16] but neglecting solar model systematic errors [11, 16] , a fit for an energyindependent oscillation-induced depletion of the ν e flux yields the result
with a confidence level C.L.=0.34 %. This is admittedly marginal but, in view also of the many sometimes optimistic approximations, not unacceptably small.
The day-and night-spectra measured by the Super-Kamiokande experiment also show no anomalous behaviour. The fit for the same energy-independent suppression of the β-decay expectations in both spectra yields a confidence level C.L.=1.6% [15] . The over-all confidence level including all the information from solar neutrino rates, day/night effect and energy spectrum shape is C.L.=0.26%, largely dominated by the marginal consistency among rates. Thus, even neglecting all caveats [10] , a deviation from energy-independence in solar neutrinos has at the most the significance of a 3σ effect.
A second consequence of ∆m 2 ∼ 10 −3 eV 2 is that for L/E < 10 3 m/MeV all oscillation phenomena depend only on the two angles θ 13 and θ 23 , the influence of the third angle θ 12 becoming sizeable only for L/E = 10 3 m/MeV or greater.
Two-flavour analyses of transition probability results are normally presented in terms of contours in the sin 2 (2θ), δm 2 plane. From eq. (1) it is easy to see that, for L/E < 10 3 m/MeV, the sin 2 (2θ)'s relative to the transitions ν e -ν x , ν e -ν µ and ν µ -ν τ are in fact, respectively, the three-flavour oscillation amplitudes (A ex ) 1 = 4s Thus, from the knowledge of the maximum values experimentally allowed for the first and the third of these amplitudes as a function of ∆M 2 [17, 18, 19] , an upper limit contour for the second can be readily determined.
The limit-curve for (A eµ ) 1 = 4s Table 1 : Mixing angles and transition probabilities for the three types of solutions allowed by the LSND result for L/E < 10 3 m/MeV. (P αβ ) LSND represents a transition probability calculated for the LSND value of L/E = 0.7 m/MeV, < P αβ > 1 is the same quantity averaged after the onset of the fast oscillation, r(Θ = small) is the ratio between the observed and expected N µ /N e ratio measured in the Superkamiokande experiment at short L. The angles θ 13 and θ 23 obviously depend on ∆M 2 and on the amount by which the limit of Figure 1 is accepted to be violated in order to reach the LSND-allowed region. If, in order to avoid exceeding any limit, they are conservatively chosen to coincide with their upper limits, for the three typical choices of ∆M 2 above they take the values reported in Table 1 . These solutions are indicated by dots in Figure 1 .
In the allowed mass range above, s can swing by as much as a factor of twentyfive. However, the transition rates at the LSND value L/E = 0.7 m/MeV are relatively constant around the low-side values (P eµ ) LSND = 1 × 10 −3 (2σ down relative to the LSND result) and (P µτ ) LSND = 5 × 10 −2 .
The Superkamiokande experiment has measured the ratio r between the observed and expected ν µ /ν e ratios in cosmic rays as a function of the zenith angle Θ [5, 6] . Small values of Θ correspond to L/E < 10 3 m/MeV so that r(Θ = small) can be calculated from the the average rates < P αβ > 1 reported in Table 1 through the relation r = (P µµ + ρP eµ )/(P eµ /ρ + P ee ) where ρ = 0.47 ± 0.02 is the expected ν e /ν µ flux ratio in the absence of oscillations [7] . Depending on ∆M 2 , r(Θ = small) varies Table 2 : Mixing angles and transition probabilities for the three types of solutions allowed by the LSND and solar neutrino results for L/E > 10 3 m/MeV. < P αβ > 2 represents a transition probability averaged after the onset of the slow oscillation, r(Θ = large) is the ratio between the observed and expected N µ /N e ratio measured in the Superkamiokande experiment at long L. [21] are also indicated in Figure 1 by a square and a triangle, respectively.
The third angle θ 12 can easily be determined from eq. (2). This yields the results reported in Table 2 .
The salient feature in the region L/E > 10 3 m/MeV is the presence of a large ν e -ν µ transition. The value of r for long L, r(Θ = large), is practically constant at a value slightly below 0.5, in good agreement with the Superkamiokande data.
The behaviours of the P αβ 's as a function of L/E for various values of ∆M 2 are shown in Figure 2 . The curves are averaged over a Gaussian L/E distribution with 30% width. 
Conclusions
Standard three-flavour neutrino-mixing phenomenology, supplemented by the hypotheses of natural mass hierarchy (m 1 << m 2 << m 3 ) and strong correspondence between flavour and mass eigenstates (s ij < c ij ), is quite adequate to interpret all neutrino phenomena observed so far.
Together with the oscillation analysis of the atmospheric neutrino data, the LSND result implies a ∆m 2 of about 10
For L/E < 10 3 m/MeV all phenomena depend only on the two angles θ 13 and θ 23 . The available upper limits on the quantities 1 -(P ee ) 1 and (P µτ ) 1 provide enough information to calculate the upper limit on (A eµ ) 1 = 4s Figure 1 . From the compatibility with the LSND result, the allowed range of ∆M 2 is 2.
implying the immediate cosmological consequence that the Universe cannot be closed by neutrinos alone.
Experiments studying the range L/E ∼ 1 m/MeV [22, 23] have clearly optimal chances to detect the characteristic feature of oscillations, namely a modulation as a function of L/E. On the basis of the observed ν µ -ν e transition probability, conservatively taken as (P eµ ) LSND ∼ 1 × 10 −3 , a (P µτ ) LSND ∼ 5 × 10 −2 is expected.
It should be noted that (P eµ ) 1 and (P µτ ) 1 are linked by the relation (P eµ ) 1 /(P µτ ) 1 = s so that an increase in (P eµ ) 1 implies necessarily a larger (P µτ ) 1 .
The calculated values of r are in good agreement with the so far not very accurate measurements reported by the Kamiokande experiment. However, the comparison between calculations and experimental results is really meaningful only in the two extremes of the L/E range, the region in-between depending on many experimental features. It should be emphasized that a value of r(Θ = small) measured to be significantly below 1, together with the smallness of (P eµ ) LSND and of 1− < P ee > 1 would constitute an experimental evidence for a sizeable < P µτ > 1 .
The large ν e -ν µ transition expected for L/E > 10 3 m/MeV is compatible with the results of the CHOOZ experiment [19] only for ∆m 2 ∼ 10 −3 eV 2 or smaller.
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